I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Foreign body (FB) detection is often difficult in clinical practice secondary to the high incidence of retained radiolucent material and the associated conventional imaging challenges.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\] Greater than one-third of soft-tissue FBs are radiolucent.\[[@ref2][@ref4]\] Difficulty detecting radiolucent FBs with conventional imaging coupled with limited or incomplete history increases the risk of missing FBs on initial evaluation.\[[@ref1][@ref2][@ref5][@ref9][@ref10]\] The sequela of missed FBs are commonly cited for litigation.\[[@ref9][@ref11][@ref12]\] In addition, retained FBs result in pain, inflammation, and increased risk of infection.\[[@ref3][@ref9][@ref13][@ref14]\]

The hand is the most common site of soft-tissue FBs in the United States.\[[@ref13][@ref15][@ref16]\] From 65% to 95% of FBs were found in the hands and feet,\[[@ref10][@ref11][@ref13][@ref16]\] FBs of the hand are associated with damage to neurovascular and tendinous structures.\[[@ref3][@ref4][@ref10][@ref11][@ref16]\] Greater than 65% of patients with soft-tissue FBs present for care within the first 24 h to 48 h. Early diagnosis of soft-tissue FBs can potentially decrease the sequela of retained FBs.

Military personnel are at increased risk of soft-tissue injuries from FBs secondary to construction with wood and injuries from improvised explosive devices. Military personnel are also exposed to forests and densely vegetated areas in austere combat environments. Finally, medical evacuation is associated with significant cost as well as increased risks to evacuation personnel and equipment.

Ultrasound has many potential applications and has been increasingly pushed forward for evaluation of trauma patients. The portability of ultrasound (US) devices make it useful for multiple military applications.\[[@ref17][@ref18]\] In addition, US has been shown to be sensitive in detecting FBs even when utilized by minimally trained personnel.\[[@ref2][@ref3][@ref19]\] Its multifunctionality, far-forward availability, and sensitivity in detecting FBs may decrease evacuation requests and operational costs.

More costly modalities utilized to detect radiolucent FBs include plain radiographs, computed tomography (CT), and magnetic resonance imaging (MRI). Turkcuer *et al*. and Levine *et al*. cite plain radiographs as unreliable in detecting radiolucent soft-tissue FBs.\[[@ref2][@ref13]\] CT is associated with increased ionizing radiation exposure, cost, and sensitives from 0% to 60% detecting wood FBs. MRI is associated with both increased cost compared to other imaging modalities and is not available to many emergency departments.\[[@ref6][@ref9][@ref12][@ref20]\] Therefore, plain radiographs, CT, and MRI may not represent the optimal study to exclude radiolucent soft-tissue FBs.

This prospective observational study evaluated army medics\' accuracy in detecting wooden FBs implanted into hand-tissue models, utilizing standard Army US equipment. The tissue model chosen best replicates the most commonly presenting anatomical site of FB injury, while the selected FB material represents the most commonly encountered radiolucent FB.\[[@ref1][@ref10][@ref11][@ref13][@ref15][@ref16]\] Secondarily, this study assessed the impact of US stand-off pad usage during the US evaluation of soft-tissue radiolucent FBs embedded within hand models. Finally, the FB dimensions for this study were based on several studies suggesting dimensions \<2 mm are associated with rapidly declining imaging detection sensitivity and specificity.\[[@ref9][@ref15][@ref21]\]

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Study design and setting {#sec2-1}
------------------------

This was a prospective, single-blinded, observational, study conducted at the Charles A. Anderson Simulation Center on the 3^rd^ and 4^th^ of March 2015. The sensitivity and specificity of army medics detecting wooden FB implanted into tissue models were assessed utilizing existing military US equipment. The Madigan Army Medical Center, Department of Clinical Investigation granted the study approval.

Participants {#sec2-2}
------------

Volunteer army medics were recruited from Joint Base Lewis McChord from November 2014 to February 2015. Exclusion criteria included medics reporting any US experience or who were unable to participate in the 1 h didactic and 1 h hands-on training sessions. No protected health information or personally identifiable information was collected on any study participant.

Training {#sec2-3}
--------

All study participants underwent a 1 h didactic and 1 h hands-on training session before data collection. The didactic portion consisted of 15 PowerPoint^®^ slides depicting basic US physics and FB images. The slides illustrated FBs as well as tissues with varying echogenicity, reverberation artifacts, and posterior shadowing artifacts. During the hands-on portion, participants used high fidelity Phantom^®^ tissue models to practice US detection of FBs.

Equipment {#sec2-4}
---------

The study utilized two M-Turbo US machines manufactured by SonoSite^®^ and coupled with 13--6 MHz linear transducers. Standard large Esteem^®^ stretchy nitrile latex-free surgical gloves were filled with 250 ml of tap water for use as stand-off pads.

Models {#sec2-5}
------

Twenty food grade chicken thighs with femur lengths of 7--9 cm were used as the hand thenar eminence models for this study. All chicken thigh models had a 1 cm wide incision to a depth of 1 cm placed by the primary investigator utilizing a 15 blade scalpel oriented at a 45° angle transverse to the femur. Following the incision all 20 models were irrigated with 30 cc of normal saline before placement of the FBs. Eight of the 20 chicken models had no embedded FB, while four had 1 mm, four had 2 mm, and four had 3 mm wooden FBs embedded. The wooden FBs consisted of standard flat toothpicks cut to lengths of 1, 2, and 3 mm. These models were placed inside Esteem^®^ stretchy nitrile latex-free surgical gloves to replicate the appearance of the thenar eminence. Each glove was then stapled to cardboard to remove all air between the glove and chicken-tissue surface. Each chicken model\'s incision site was marked on each glove \[[Figure 1](#F1){ref-type="fig"}\]. Ten chicken thigh models were randomized for each day, consisting of four models without FBs, two with 1 mm FB, two with 2 mm FB, and two with 3 mm FB. Fellowship trained US providers conducted pretest and posttest scans daily to ensure the placement of FBs in each model.

![Thenar Eminence Model picture](JMU-26-147-g001){#F1}

Execution {#sec2-6}
---------

Each medic was presented with 20 randomized chicken models which they individually evaluated for the presence of FBs without stand-off pads followed by utilizing stand-off pads.

Primary data analysis {#sec2-7}
---------------------

FB detection for each chicken model was recorded, yielding sensitivity and specificity as well as positive and negative predictive values for each different-sized FB. The Fisher\'s Exact Chi-square test was used to compare the findings with or without the standoff.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 31 army medics reported to the study conducted at the Charles A. Anderson Simulation Center on the 3^rd^ and 4^th^ of March 2015. Three medics with previous US experience were excluded, leaving a total of 28 medics to participate. Two medics were unable to complete the 10 stand-off pad scans. The data consists of the 28 medics not excluded who completed a total of 540 scans over the 2 days, 280 scans without a stand-off pad, and 260 scans with the stand-off pad. [Table 1](#T1){ref-type="table"} illustrates the total numbers of FBs detected and missed in this study, both with and without the use of a stand-off pad. [Table 2](#T2){ref-type="table"} illustrates the sensitivity and specificity with or without the stand-off pad.

###### 

Test performance by FB size (1-3 mm) without stand-off pad (*n*=280) and with stand-off pad (*n*=260)

  Modality                       Size (mm)   Totals scans       FB present      Found    Missed      95% CI       *P*
  ------------------------------ ----------- ------------------ --------------- -------- ----------- ------------ ---------
  Linear probe alone             1-3         280                168             123      45          66.0-79.3    0.003
  Linear probe + stand-off pad   260         156                90              66       49.8-65.1                
  Linear probe alone             1           168                56              36       20          37.0-59.2    0.1203
  Linear probe + stand-off pad   160         52                 25              27       51.1-75.5                
  Linear probe alone             2           168                56              46       10          52.0-73.5    0.032
  Linear probe + stand-off pad   160         52                 33              19       69.9-90.2                
  Linear probe alone             3           168                56              41       15          47.9-73.5    0.221
  Linear probe + stand-off pad   160         52                 32              20       60.3-83.1                
                                                                                                                  
  **Modality**                   **Size**    **Totals scans**   **FB absent**   **FP**   **TN**      **95% CI**   ***P***
                                                                                                                  
  Linear probe alone             No FB       280                112             25       87          15.5-30.9    0.025
  Linear probe + stand-off pad   260         104                38              66       27.9-46.1                

Fisher exact *χ*^2^. FP: False positive, TN: True negative, FB: Foreign body, CI: Confidence interval

###### 

Test performance characteristics for ultrasound without (*n*=280) and with stand-off pad (*n*=260)

  Modality                             Percentage (95% CI)                                     
  ------------------------------------ --------------------- ---------------- ---------------- ----------------
  Linear probe alone                   73 (65.7-79.6)        78 (68.6-84.7)   83 (75.8-88.5)   65 (57.0-73.7)
  Linear probe + stand-off pad         58 (49.5-65.5)        67 (57.3-75.9)   72 (63.7-80.0)   51 (42.7-60.0)
  Linear probe alone ≥2 mm             78 (68.6-84.7)        78 (68.6-84.7)   78 (68.6-84.7)   78 (68.6-84.7)
  Linear probe + stand-off pad ≥2 mm   62 (52.4-71.6)        67 (57.3-75.9)   65 (55.3-47.7)   64 (54.4-73.0)

CI: Confidence interval, PPV: Positive-predictive value, NPV: Negative predictive value

On day one, a statistically significant difference (*P* = 0.019) was observed between the two 3 mm models without a stand-off pad. Nine of the ten medics detected the FB on one model while only three of the ten medics detected the FB on the other model. In contrast, on day two, no statistically significant difference (*P* = 0.087) was observed between the two 3 mm models without a stand-off pad. Seventeen of 18 medics detected the 3 mm FB in one model compared to 12 of the 18 medics detecting the FB on the other model without the use of the stand-off pad. No statistical difference was found between the day 1 (*P* = 0.58) or day 2 (*P* = 1.0) 1 mm models and the day 1 (*P* = 1.0) or day 2 (*P* = 0.65) 2 mm models and the day 2 (*P* = 0.087) 3 mm models.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

US has become particularly useful for the military secondary to its portability and for its diagnostic imaging capability for a growing number of bedside applications. The need for real-time diagnostic information in the emergency room spurred this movement, as technology improved US has been pushed to prehospital care.\[[@ref22][@ref23]\] Army medics perform at the combat mission level. They are first to render patient care while deployed in these frequently austere environments. They are often the sole medical provider and pushed far forward within remote locations with limited medical supplies. The medics ability to recognize pathology and provide actionable information to higher echelons of care impacts evacuation and therefore combat power and mission capability. This study suggests that medics can effectively utilize US without stand-off pads to detect soft-tissue radiolucent FBs with accuracy comparable to other medical providers. In addition, medics reconfirmed the current lower limit of FB detection at 2 mm.\[[@ref6][@ref9][@ref12][@ref15][@ref21][@ref24]\] This study adds to a growing body of literature suggesting that US is a valuable tool in the hands of many health-care professionals, as well as having a legitimate role in prehospital emergency care.\[[@ref18][@ref22][@ref25][@ref26][@ref27]\]

The primary objective of this study was to evaluate Army medic\'s ability to detect radiolucent FBs embedded within a chicken thigh model. It was hypothesized that army medics would detect radiolucent soft-tissue FBs with the same accuracy as other health-care providers.\[[@ref2][@ref3][@ref4]\] This study utilized a chicken thigh model based on prior validation as cited within multiple US study\'s assessing various health-care professionals.\[[@ref2][@ref3][@ref19][@ref28]\] The chicken thigh sonographically resembles the human soft tissues and bony anatomy of the hand.\[[@ref2][@ref3][@ref19]\] The thigh\'s musculature and femur provide a high fidelity hand model representing the most common FB injury site reported in the United States, which accounted for 35%--55% of FB injuries.\[[@ref10][@ref11][@ref13][@ref15][@ref16]\] A retrospective review by Rockett *et al*. of 20 patients with retained soft-tissue wooden FBs noted the depths to be between 0.4 and 1.6 cm.\[[@ref14]\] Therefore, this study utilized a 1 cm FB insertion depth based on both this retrospective study and on validating the studies conducted with FB-embedded tissue models.\[[@ref2][@ref3][@ref4][@ref10][@ref19][@ref20][@ref21][@ref28]\] A 45° angle from the chicken femur\'s long axis was chosen to best represent the expected injury pattern due to reaching, grasping, or falling on an outstretched hand.

The findings in this study suggest that army medics with 2 h of US training can detect FBs embedded in chicken thighs with similar sensitivities and specificities as radiologists and emergency medicine physicians in similar studies as illustrated in [Table 3](#T3){ref-type="table"}.\[[@ref3][@ref23][@ref28]\] Of all previously cited studies, Turkcuer *et al*.\'s US study of radiologists detecting 5 mm FBs embedded in chicken thighs utilizing 12 MHz linear probes closely resembles this study\'s methods. No statistically significant difference existed between the radiologists in Turkcuer\'s detection of FBs and the army medics within this study. In addition, three emergency medicine physicians following a 1 h training session had similar sensitivities and specificities detecting 15 mm wooden FBs within a chicken thigh model utilizing 8 MHz linear transducers.\[[@ref3]\] Ultrasound-naïve nurses receiving a 2 h training period had similar sensitivity and specificity detecting larger 15 mm FBs in chicken breast models.\[[@ref19]\] Overall, this study\'s medic participants achieved similar detection rates as other medical professionals utilizing 13--6 MHz linear transducers detecting radiolucent wooden FBs at the lower end of US detectability.\[[@ref6][@ref9][@ref12][@ref15][@ref24][@ref21]\]

###### 

Comparison of health care providers

  Provider                        Size (mm)   Accuracy (%)   Sensitivity   Specificity   PPV   NPV
  ------------------------------- ----------- -------------- ------------- ------------- ----- -----
  Medic                           2-3         78             78            78            78    78
  Emergency medicine residents                               85            82            83    85
  Emergency physician             15          80             70            90            88    75
  15                              77          69             84            82            73    
  15                              84          82             87            86            83    
  Radiologist                     15          83             83            83            83    83
  Nurse practitioner              15                         78            50            83    44
  Emergency medicine physicians   15                         83            75            91    60

PPV: Positive predictive value, NPV: Negative-predictive value, FB: Foreign body

Frequently cited, historical cadaveric US studies assessing FBs are of limited clinical relevance.\[[@ref23][@ref29]\] Crystal *et al*. placed 5 mm FB over muscular areas of the arm and leg and achieved a comparatively lower sensitivity ranging from 40.8% to 72.3% and specificity ranging from 30% to 66.7% utilizing a 10--5 MHz linear transducer.\[[@ref23]\] These studies are clinically less useful when considering most of the FBs are found in the hand and foot.\[[@ref10][@ref11][@ref13][@ref15][@ref16]\] Furthermore, Crystal\'s stated limitations suggest that cadavers may not be the optimal model for ultrasound research and cited tissue changes may have occurred during the processing and embalming or as a result of the previous injuries or pathology.\[[@ref23][@ref29]\] These tissue changes included calcifications and dehydration of the dead tissues as well as a lack of inflammatory reactions secondary to FB implantation, likely leading to decreased US detection.\[[@ref23][@ref29]\] Limitations of cadaveric studies make them clinically inconsequential.\[[@ref23][@ref29]\]

A secondary objective of this study was to assess the detection rates of soft-tissue FBs with the use of stand-off pads. The American College of Emergency Physicians web articles recommends the use of stand-off pads to improve superficial FB detection.\[[@ref24][@ref30]\] It was hypothesized that detection rates during the study would also increase with the use of stand-off pads.\[[@ref24][@ref30]\] This study used water-filled surgical gloves as stand-off pads as they are already used in clinical practice readily available in austere environments and are field expedient.\[[@ref24][@ref25][@ref30]\] Army medics during this study had decreased sensitivity and specificity in detecting FBs (*P* = 0.003) when utilizing stand-off pads. It was noted that many of the medics failed to stabilize their probe hand while using the stand-off pad compared to when the probe was placed directly over the chicken thigh. It also appeared that more of a fanning technique was used by some of the medics when the transducer was pressed into the stand-off pad which may have resulted in a less comprehensive evaluation of the soft tissues. The data suggest that stand-off pads may not be useful in the hands of US-naive medics.

Of note, medics detected 82% of 2 mm and 73% of 3 mm without a stand-off pad, compared to 63% of 2 mm and 61% of 3 mm with a stand-off pad. This decreased detection was found to be statistically significant (*P* = 0.019) between the two different, day 1, 3 mm models. Nine of the ten medics detected the FB in one 3 mm model compared with three of the ten medics in the other 3 mm model without a stand-off pad. The validating sonographer noted the FB of the 3 mm model which subsequently had a low-detection rate was located within a superficial fascial plane and was nearly perpendicular to the fascial plane, with similar echogenicity as the fascial plane. This may explain the detection rate for the 2 mm FB being 82% compared to 73% in detecting the 3 mm FB.

In addition, this study assessed the current lower limit for detecting soft-tissue FBs. Although clinical relevance of retained FBs based on the size has not been clearly defined, several studies cite infection as the most common presenting complaint for retained radiolucent FBs.\[[@ref9][@ref10][@ref11][@ref20]\] A retrospective study by Rockett *et al*. noted infection in ten of the 20 patients with surgically removed soft-tissue wooden FBs that ranged in size from 3 mm to 4.5 cm.\[[@ref20]\] It was assumed that smaller FBs would be detected with the use of high-frequency13--6 MHz linear probes. Several studies suggest that below 2.5--3 mm sensitivity and specificity will rapidly decline when utilizing 7.5--10 MHz linear probes.\[[@ref6][@ref9][@ref12][@ref15][@ref21][@ref24]\] Utilizing cadaver feet, Jacobson *et al*. showed that sensitivity and specificity for detecting a 5 mm wooden FB was 93.3% and 96.7%, with 7.5--10 MHz linear array transducers.\[[@ref21]\] However, the sensitivity dropped to 86.7% while detecting 2.5 mm wooden FBs.\[[@ref21]\] Medics in this study found 64% of 1 mm and 82% of 2 mm utilizing a 13--6 MHz linear probe without a stand-off pad. The data suggest that the sensitivity and specificity drops below 2 mm.

Aras *et al*. and Mizel *et al*. noted that CT and US have decreased FB detection rates when the FB was in close to the bone.\[[@ref5][@ref6]\] US detection was decreased when located in proximity to bone.\[[@ref6]\] Multidetector CT scans performed using 1 mm collimation scans of sheep heads revealed 1 cm FB specifically located between muscle and bone are less visible.\[[@ref5]\] Although not statistically significant (*P* = 0.08) individually, FBs noted to be in close to the bone during the pretest, and posttest validation scans become statistically significant when compared together (*P* = 0.03). It can be inferred that location is important, as reduced distance from the bone are associated with decreased detection rates.

Future studies assessing US skill retention could assist determining requisite refresher training frequency and duration. Studies analyzing the impact of probe technique on detection rates could help optimize and improve the education of scanning techniques. Evaluating the depth, location, and size of FBs in clinical practice could help optimize treatment and the need for removal of retained FBs.

Limitations {#sec2-8}
-----------

This study has several limitations. Most importantly is that chicken models were used and the fidelity with human hands has not been validated. Location of FBs within the hand is not well described in the literature, and therefore sensitivities and specificities of a model with FB placement may not reflect the actual location of FB during trauma to a human hand. Although location appears to change detection rates, this study was not designed to look for this and further study to clarify this and its role clinically will be needed.

The SonoSite^®^ M-Turbo US and 13--6 MHz linear probe was utilized, and different sensitivities and specificities may result with different machines or lower frequency probes. Training retention following a 2 h block of instruction is not known. The study was not designed to test for or alleviate US fatigue, as all the steps were in the same order for each participant over both days. The study was not designed to capture appropriate US technique and compare it with the accuracy locating soft-tissue FBs.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The study suggests that medics trained in FB evaluation with US have similar sensitivities and specificities as radiologists and emergency medicine physicians in similar studies. It can be inferred from the results that using stand-off pads in personnel with limited US experience have decrease sensitivity and specificity. The study also confirmed that sensitivity and specificity decreases with FB \<2 mm.
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